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Percutaneous mitral balloon valvuloplasty was performed
in 150 patients. There were 124 women and 26 men (mean
age 53 ± 1 years). Aleft to right shunt through the created
atrial communication was present in 28 patients (19%)
after valvuloplasty. The pulmonary to systemic flow ratio
was d:l in 4 patients and <2:1 in 24. Univariate predic-
tors of left to right Shunting after valvuloplasty included
older age (p < 0.01), lower cardiac output before mitral
valvuloplasty (p < 0.01), higher New York Heart Associa-
tion functional class before valvuloplasty (p < 0.05), pres-
ence of mitral valve calcification under fluoroscopy (p <
0.01) and higher echocardiographic score (p < 0.05).
Multiple stepwise logistic regression analysis identified the
presence of mitral valve calcification (p < 0.02) and lower
cardiac output (p < 0.02) as the independent predictors of
a left to right shunt through the atrial communication after
balloon valvuloplasty.
Follow-up (10 ± 1 months) of patients with an atrial
septal defect after valvuloplasty showed that 1) 6 patients
Percutaneous mitral balloon valvuloplasty is an alternative
to surgical commissurotomy for patients with critical mitral
stenosis (1-6), During mitral balloon valvuloplasty, a trans-
septal puncture is made and the atrial septum is dilated with
an 8 or 5 mm balloon catheter (1,7) so that a larger balloon
can be advanced across the septum to the mitral valve. Left
to right shunting through the resultant atrial septal defect can
occur after balloon mitral valvuloplasty (1,2,5). In this study,
we analyzed the incidence and severity of the atrial septal
defect after mitral balloon valvuloplasty, factors predicting a
left to right shunt through the created atrial communication
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died (3 in the hospital and 3 at 2, 16 and 18 months,
respectively, after valvuloplasty); 2) an atrial septal defect
was demonstrated in 3 of 6 patients who underwent mitral
valve replacement (6 ± 0.8 months after valvuloplasty);
and 3) 13 patients were in functional class I, 2patients were
in class II and 1 patient was in class III at 13 ± 1 months
after valvuloplasty. A persistent atrial septal defect was
demonstrated by oximetry in only 5 of 13 patients who
underwent elective right heart catheterization at 11 ± 1
months after mitral valvuloplasty. Doppler coloI;' flow echo-
cardiography demonstrated a left to right shunt in only one
of the remaining three patients who did not undergo
catheterization. Thus, 13 (59%) of 22 patients who had a
left to right shunt after mitral balloon valvuloplasty were
demonstrated to have no evidence of a left to right shunt
through the created atrial communication at follow-up
study.
(J Am Call CardioI1990;15:1300-4)
and follow-up data for patients with an atrial septal defect
after valvuloplasty.
Methods
Study patients. The study group consisted of 150 consec-
utive patients with mitral stenosis who underwent percuta-
neous mitral balloon valvuloplasty beginning in July 1986,
There were 124 women and 26 men, with a mean age of 53 ±
1years (range 13 to 87). One patient was in New York Heart
Association functional class I, 20 were in class II, 97 in class
III and 32 in class IV. Eighty-seven patients had normal
sinus rhythm and 63 had atrial fibrillation. Twenty patients
had previous surgical mitral commissurotomy and presented
with mitral restenosis.
Cardiac catheterization and percutaneous mitral balloon
valvuloplasty. Before valvuloplasty, all patients underwent
right and left heart catheterization with coronary angiogra-
phy and left cine ventriculography, Quantitative grading of
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the severity of mitral regurgitation and the amount of mitral
valve calcification from I+ to 4+ was done as previously
described (1). Balloon valvuloplasty was performed using
the single balloon technique in 27 patients and the double
balloon technique in 123 (1,7). A single atrial puncture was
used in all patients. The atrial septum was dilated with an 8
mm balloon-dilating catheter (Mansfield). When performing
the double balloon technique, both guide wires and the two
balloon-dilating catheters were introduced through a single
femoral vein and atrial septal punctures (1). Effective bal-
loon-dilating area was determined by geometric analysis and
normalized for body surface area (1J).
Right and left heart pressures, mitral valve gradient and
cardiac output were measured before and after mitral bal-
loon valvuloplasty. Cardiac output was measured by the
thermodilution and Fick techniques. When significant tricus-
pid regurgitation or a left to right shunt was present, either
the Fick principle or the green dye technique was used.
Mitral valve area was calculated by the Gorlin formula (8).
To determine the presence of left to right shunting after
valvuloplasty, blood oxygen saturation levels were obtained
from the superior vena cava, the inferior vena cava, the right
atrium, the right ventricle and the main pulmonary artery
before the transseptal puncture and after balloon valvulo-
plasty had been completed. A left to right shunt through the
created atrial septal defect was defined as ;:::.7% increase in
oxygen saturation between the superior vena cava and main
pulmonary artery (9,10). In the calculation of flows and left
to right shunt, the oxygen saturation of the superior vena
cava was used as the mixed blood sample.
Two-dimensional and Doppler echocardiography. Two-
dimensional and Doppler echocardiographic studies were
performed before and within 24 h after valvuloplasty with
either a Hewlett-Packard 77020A ultrasound imager
equipped with a 2.5 MHz phased-array transducer or an
Advanced Technology Laboratories MK 600 ultrasound
imager equipped with a 3.0 MHz mechanical transducer. In
each study, standard echocardiographic images were ob-
tained by one of three experienced operators in the paraster-
nallong-axis, short-axis, apical four chamber and long-axis
and subcostal views (11,12). Meticulous care was taken to
examine the interatrial septum by using standard Doppler
color flow mapping or pulsed Doppler techniques, or both, in
multiple views, specifically utilizing the parasternal short-
axis, apical four chamber and subcostal views. An atrial
septal defect was judged to be present if left to right shunting
was evident on either color flow mapping or pulsed Doppler
studies in one or more views.
Follow-up of patients with a left to right shunt after
valvuloplasty. Patients with an atrial septal defect after
valvuloplasty were followed up during 10 ± 1 months after
balloon valvuloplasty. A persistent atrial septal defect at
follow-up was present if documented by right heart cathe-
terization, Doppler color flow mapping or visual inspection
of the atrial septum at the time of mitral valve replacement.
Statistics. Hemodynamic variables before and after mi-
tral balloon valvuloplasty were compared by using a Stu-
dent's paired t test. Differences were considered significant
at p < 0.05. Values are expressed as mean values ± SEM.
Multiple logistic regression analysis of 16 demographic and
hemodynamic variables was used to identify factors that
were significant predictors of a left to right shunt through an
atrial septal defect after valvuloplasty. The variables were
age, gender, functional class before valvuloplasty, effective
balloon-dilating area, effective balloon-dilating area normal-
ized for body surface area, the number of balloons used
(single versus double balloon technique), fluoroscopic pres-
ence of calcium, degree of mitral regurgitation, echocardio-
graphic score and the presence of atrial fibrillation. The
following hemodynamic determinations before mitral bal-
loon valvuloplasty were used for analysis: mitral valve
gradient, cardiac output, mitral valve area, pulmonary artery
pressure, left atrial pressure and pulmonary vascular resis-
tance. All statistical testing was performed using BMDP
statistical software on a Digital Vax 11-780 computer.
Results
Hemodynamics. Mitral balloon valvuloplasty resulted in
a significant decrease in mitral valve gradient from 16 ± I to
6 ± I mm Hg (p < 0.0001) and a significant increase in both
cardiac output from 4.1 ± 0.1 to 4.7 ± 0.1 liters/min (p <
0.000 I) and mitral valve area from 0.9 ± 0.1 to 2.0 ± 0.1 cm2
(p < 0.0001). The immediate hemodynamic results after
valvuloplasty in the subset of patients who developed a left
to right shunt after valvuloplasty and of those patients who
did not develop left to right shunting are shown in Table I.
Patients who developed a left to right shunt through the
created atrial septal defect had a smaller mitral valve area
(p = 0.009) and lower cardiac output (p = 0.02) after
valvuloplasty than did the subset of patients who did not
develop a left to right shunt.
Left to right shunt. A left to right shunt was demon-
strated in 28 patients (19%) after mitral balloon valvulo-
plasty. The magnitude of the shunt was <2:1 in 24 patients
and 22: I in 4 patients. Univariate logistic regression analy-
sis revealed that older age (p < 0.01), lower cardiac output
before valvuloplasty (p < 0.01), higher functional class
before valvuloplasty (p < 0.05), presence of mitral valve
calcification under fluoroscopy (p < 0.01) and higher echo-
cardiographic score (p < 0.05) were predictors of left to right
shunting after mitral balloon valvuloplasty. When multiple
logistic regression analysis was performed on these varia-
bles, the presence of mitral valve calcification (p < 0.02) and
lower cardiac output before valvuloplasty (p < 0.02) were
the only significant independent predictors of a left to right
shunt after valvuloplasty.
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Table 1. Immediate Hemodynamic Outcome of 150 Patients Undergoing Percutaneous Mitral
Balloon Valvuloplasty
Without ASD WithASD
Pre MBV Post MBV Pre MBV Post MBV
Mitral valve gradient (mm Hg) 17 ± I 6 ± I 15 ±I 6 :t I
Cardiac output (liters/min) 4.2 ± 0.1 4.7 ± 0.1 3.5 ± 0.1 4.1 :t 0.1*
Mitral valve area (cm2) 0.9 ± 0.03 2.0 ± 0.07 0.8 ± 0.05 1.6 ± O.09t
Mean PA (mm Hg) 41 ± I 30 ± I 38 ± 2 29 :t I
Mean RA (mm Hg) 7 ± I 7 ± I 6 ± I 8 ± 1
Mean LA (mm Hg) 24 ± I 14 ± I 25 ± 1 15 ± I
*p = 0.02 and tp =0.009 comparing patients without atrial septal defect (ASD) after mitral balloon valvuloplasty
(MBV) with patients with atrial septal defect after valvuloplasty. LA = left atrial pressure; PA = pulmonary artery
pressure; Post = after; Pre = before; RA = right atrial pressure.
Figure 1. Follow-up study of 28 patients with an atrial septal defect
after percutaneous mitral balloon valvuloplasty (follow-up period
10 ± I months). ASD = atrial septal defect; MVR = mitral valve
replacement; RHC = right heart catheterization; + = present; - =
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Follow-up data. Follow-up evaluation of 28 patients with
a left to right shunt after mitral balloon valvuloplasty was
obtained 10 ± 1 months after the procedure (Fig. 1). There
were six deaths, which occurred at 6.5 ± 2 months after
valvuloplasty. All deaths were due to congestive heart
failure in the patients who were nonsurgical candidates. In
each of them, valvuloplasty had resulted in a suboptimal
result. There was no evaluation of the atrial septum at
autopsy in any of these six patients.
Six patients underwent mitral valve replacement at a
mean of 6 ± 0.8 months after mitral balloon valvuloplasty.
Three of the six patients had no evidence of an atrial septal
defect by visual inspection at the time of surgery.
Elective right heart catheterization was performed at
11 ± 1 months after mitral balloon valvuloplasty in 13
patients. No patient had follow-up cardiac catheterization
for clinical reasons. No evidence ofa left to right shunt could
be demonstrated in eight (62%) of these patients. Left to
right shunting was present in five patients; in each of these
five patients, the pulmonary to systemic flow ratio of the
shunt was <2: 1. The remaining three patients who refused
repeat right heart catheterization underwent a Doppler color
flow echocardiographic study at a mean of 8 ± I months
after valvuloplasty; in two of these three patients, the study
Discussion
Frequency of atrial septal defect after mitral balloon val-
vuloplasty. During the valvuloplasty procedure, a hole is
created in the atrial septum (13) so that dilating balloons can
be advanced across the septum to the mitral valve. Thus, an
atrial communication is an obligatory part of the procedure.
As assessed by oximetry, a left to right shunt through the
created atrial communication was present in 19% of our
patients undergoing mitral balloon valvuloplasty. If a very
sensitive technique to detect a left to right shunt is used
(such as green dye-dilution curves or Doppler color flow
echocardiography), a shunt through the atrial septum should
be detected immediately after valvuloplasty in most patients.
Green dye-dilution curves and Doppler color flow echocar-
diography can detect left to right shunts too small to be
detected by oximetry. Although indicator-dilution curves are
useful for detecting and localizing shunts, oximetry is more
reliable for quantification. Quantification of shunt size from
dye curves can be inaccurate because of incomplete mixing
and streaming of the indicator before its passage through the
shunt. For this reason, we used oximetry to report the
incidence of a left to right shunt through the created atrial
septal defect after mitral balloon valvuloplasty.
Factors predicting a left to right shunt after valvuloplasty.
In this study, the degree of mitral valve calcification as
measured fluoroscopically and low cardiac output were the
best independent predictors of a significant left to right shunt
through the created atrial septal defect after mitral balloon
valvuloplasty. It is not unreasonable that this is the case.
Patients with mitral stenosis who have more severe mitral
calcification and lower cardiac output are usually older, have
more mitral valve rigidity, thickening and subvalvular dis-
showed no evidence of a left to right shunt. Thus, 13 (59%)
of 22 patients who had a left to right shunt after mitral
balloon valvuloplasty had no evidence of such a shunt
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ease and are more symptomatic. We feel that these patients
present the most technical difficulties at valvuloplasty. Pro-
longed manipulations and multiple passages of the balloons
through the atrial septum may be necessary to correctly
position them across the mitral valve. In addition, when
commissural splitting is not easily accomplished, the bal-
loons tend to move toward the atrial septum as they are
inflated, which produces a sawing motion of the balloon
shafts and may enlarge the atrial septal defect. Older patients
may also have less elasticity of the septum, making it more
difficult for the atrial defect to close later. Finally, patients
with higher echocardiographic scores and more mitral valve
calcification have less improvement in mitral valve area with
mitral balloon valvuloplasty (1-3). Under these circum-
stances, left atrial pressure remains elevated after valvulo-
plasty; this maximizes flow through the created atrial com-
munication. In contrast, patients with successful mitral
balloon valvuloplasty have normal or near normal left atrial
pressure after valvuloplasty. This results in less left to right
shunting after valvuloplasty and favors atrial septal defect
closure.
Improvements in the evolving technology of percutane-
ous mitral balloon valvuloplasty could decrease the inci-
dence of a left to right shunt with this procedure. We now
use a 5 mm rather than a 8 mm diameter balloon catheter to
dilate the atrial septum. However, further study is necessary
to determine if the dilation of the atrial septum with a 5 mm
balloon catheter could have an impact on the frequency of an
atrial septal defect after mitral balloon valvuloplasty. It is
possible that the major problem is not caused by the dilation
of the atrial septum, but by other factors such as the
immediate hemodynamic outcome after valvuloplasty, tech-
nical difficulties of the procedure and pulling of the
"winged" dilating balloon catheters through the atrial sep-
tum. Lower profile dilating balloons stretch the atrial defect
less as they are advanced and removed from the mitral
valve. We also recommend careful selection of balloon
length to avoid inadvertent dilation of the atrial septum, the
avoidance of separating the proximal portion of the balloons
and guide wires during inflation and sequential withdrawal of
completely deflated balloons to minimize trauma to the atrial
septum.
An arterial retrograde technique for percutaneous mitral
balloon valvuloplasty was developed by Babic et al. (14).
This retrograde arterial technique requires placement of two
balloons, one from each femoral artery. Although this tech-
nique attempts to overcome the development of an atrial
septal defect, it is more complex; the guide wires are
introduced from the right femoral vein through the left
atrium and left ventricle and out the aorta, using the standard
transseptal technique. The transfer guide wires are then
snared from the aorta with a wire loop introduced from each
femoral artery. The wires are drawn out of the femoral
arteries, and the balloon dilating catheters are introduced
percutaneously through the femoral arteries to the level of
the mitral valve.
Follow-up of patients with a left to right shunt after
valvuloplasty. Six patients (nonsurgical candidates) died
within 6 months after valvuloplasty. There was no evalua-
tion of the atrial septum in any of these patients. Because
mitral balloon valvuloplasty resulted in a suboptimal result
in each of these patients, it is possible that an atrial septal
defect could have been present at the time of death. The
presence of left atrial hypertension after a suboptimal mitral
balloon valvuloplasty could decrease the change of atrial
septal defect closure.
Echocardiographic and hemodynamic follow-up study of
the other 22 patients who developed a left to right shunt
shows that the defect closes in 59% of this latter group of
patients. Even when present, most left to right shunts are
small at follow-up and are well tolerated by our patients.
There is no relation between the size of the initial shunt and
the presence of a left to right shunt at follow-up study. Our
patients remained in their improved functional class at
follow-up. However, if patients require mitral valve surgery
after unsuccessful valvuloplasty, the surgeon should be
aware of a possible atrial communication and should assess
the atrial septum at the time of surgery. The most vexing
problem occurs when mitral stenosis is relieved by mitral
balloon valvuloplasty, but a significant left to right shunt is
produced. Then one pathophysiologic problem (mitral ste-
nosis) has been traded for another (atrial septal defect).
Though a persistent left to right shunt has been well tolerated
in our patients, the long-term effect of a new right ventricular
volume overload is unknown. The advent of transcatheter
closure of atrial septal defects by "umbrellas" or other
devices may solve this problem.
References
1. Palacios I, Block PC, Brandi S, et al. Percutaneous balloon valvotomy for
patients with severe mitral stenosis. Circulation 1987;75:778-84.
2. Palacios IF, Block PC, Wilkins GT, Weyman AE. Follow-up of patients
undergoing percutaneous mitral balloon valvotomy: analysis of factors
determining restenosis. Circulation 1989;79:573-9.
3. Herrman HC, Wilkins GT. Abascal VM, Weyman AE. Block PC,
Palacios IF. Percutaneous balloon valvotomy for patients with mitral
stenosis: analysis offactors influencing early results. J Thorac Cardiovasc
Surg 1988;96:33-8.
4. Lock JE, Khalilullah M, Shrivasta S, Bahl V, Keane JF. Percutaneous
catheter commissurotomy in rheumatic mitral stenosis. N Engl J Med
1985;313: 1515-8.
5. McKay RG, Lock 1£, Safian RD, et al. Balloon dilation of mitral stenosis
in adult patients: postmortem and percutaneous mitral valvuloplasty
studies. J Am Coli Cardiol 1987;9:723-31.
6. McKay CR, Kawanisky DT, Rahimtoola SH. Catheter balloon valvulo-
plasty of the mitral valve in adults using a double balloon technique: early
hemodynamic results. JAMA 1987;257:1753-61.
7. Palacios IF, Lock JE, Keane JF, Block PC. Percutaneous transvenous
1304 CASALE ET AL.
ATRIAL SEPTAL DEFECT AFTER MITRAL BALLOON VALVULOPLASTY
JACC Vol. 15, No.6
May 1990:1300-4
balloon valvotomy in a patient with severe calcific mitral stenosis. J Am
Coli CardioI1986;7: 1416-9.
8. Gorlill R, Gorlin SG. tIydraulic formula for calculation of the area of the
stenotic mitral valve, other cardiac valves, and central circulatory shunts.
I. Am Heart J 1951;41:1-45.
9. Anthan EM, Marsh]D, Green LH, Grossman W. Blood oxygen measure-
ments in the assessment of intracardiac left to right shunts: a critical
appraisll1 of methodology. Am J CardioI1980;46:265-71.
10. Fredd MD, Miettinen OS, Nadas AS. Oximetric detection of intracardiac
left to right shunts. Br Heart J 1979;42:690-4.
11. Abascal VM, Wilkins GT, Choong CY, Block PC, Palacios IF, Weyman
AE. Mitral regurgitation after percutaneous balloon mitral valvuloplasty
in adults: evaluation by pulsed Doppler echocardiography. J Am Coli
CardioI1988;11:257-63.
12. Abascal VM, Wilkins GT, Choong CY, et al. Echocardiographic evalua-
tion of mitral valve structure and function in patients followed for at least
6 months after percutaneous balloon mitral valvuloplasty. J Am Coli of
CardioI1988;12:606-15.
13. Block PC, Palacios IF, Jacobs ML, Fallon JT. The mechanism of
successful percutaneous mitral valvotomy in humans. Am J Cardiol
1987;59: 178-9.
14. Babic UU, Pejcil P, Djurisic Z, Vucinic M, Grujici SM. Percutaneous
transarterial balloon valvuloplasty for mitral valve stenosis. Am J Cardiol
1986;57: 1101-4.
